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TEXT: The present pager gives @ detailed theoretical treatment of the 
general problen of the ap piication of the electrodynamics of matter with- 
spatial dispersion to crystals. The’ authors confine themselves particu- 
larly to the investigation of the approximations one obtains xhen one 
works with bg (ek) » the tensor of the complex dielectric constand. 
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It is pointed out that strictly speaking not only the interaction 
between the particles but also the electromagnetic field must be 
taken into account. It is shown how a correction for the effect 
of the seif-consistent field and the particle collisions can be 
introduced into the above equations. It is established that the 
correction term for the right-hand side of Eq (7) is in fact 


The relativistic transport equation..- 


N dg 
eo pe i ae 
fi, = 2 a a Py 6 Fp lEa' Ep Pa Be ve 
p abs, 
+ Fah (ry = ae Va? v,) a Py (15) 


The transport equation may be used, for example, to obtain the 
high-frequency dielectric constant of relativistic plasma to a 
higher approximation than the usual self-consistent field 


approximation. Acknowledgments are expressed to V.L. Ginsburg 

for interest in this work, Yu.L. Klimontovich, s_.T, Belyayev 

and G.I. Budker are mentioned in the article. 
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where |?) +5 aty are the states of the particle X before 
and after scat ering. The wave function representing 4 charged — ay 
particle in the magnetic field is then taken in the form : ; 
(Landau representation) 
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oscillator wave function. Eqs- (1). and (2) can then be used BO 
_ to show that the collision integral is 
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In the case of scattering of electrons by fixed charged 
impurities of a given type: which are uniformly distributed : 
in space with a density ™, ' the collision integral becomes a 
Card 5/7 
30 


APPROVED F : 
OR RELEASE: 08/23/2000 CIA-RDP86-00513R001550610011-1" 


"APPROVED F ; 
sed oi REEENOn: 08/23/2000 _ CIA-RDP86-00513R001550610011-1 


een we:.* ; 1] 6 
5/126/61/011/006/009/011 


The Collision Integral «++ £032/E314 


e U 2 ’ 
1p, y= Secon? fan at aay MEL ~ Fr) % 


era 


oe (4n 0)" ‘J Fant ({ a2 + q'| a0/2)|"[y? + Ar + (4) 


gant} [o.dky, AM of] (09-100, 


Since the energy 
ed by the 


n,n' 


where Q is the c 
of the electron is conserved when it is catter 
impurity, one can put wo = O in eo, q) - in the quasi- 
classical approximation the asymptotic form of the function ate 
t eA ‘ : okt - 
Fant for large n is 
2 = 42 ' 1/2 
fp _,(ad[ 2 = ds gloaecat + 2)? j (5) 
52 


where 33 un (®) is the square of the Bessel function of © 


‘cara 6/7 


APPROVED F : 
OR RELEASE: 08/23/2000 CIA-RDP86-00513R001550610011-1" 


| PEELE ROR REESE 08/23/2000 CIA-RDP86-00513R001550610011-1 


2 


2':83 
§/126/61/011/006/009/011 
The Collision Integral «ees E£032/E314 


order n'!-n. Detailed analysis of Eqs. (3) and (4) will 

be given in another paper. Other information related to the 
present topic is given by V.P. Silin (Ref. 1: ZhHETF , 

Ref. 2: FMM) and Zyryanov, P.S. (Ref. 3). The results reported 
in the present note were obtained while the present authors 
attended the Theoretical Physics Winter School at Kourovka. 
S.V. Vonsovskiy is thanked for inviting the authors to that 
school. There are 3 Soviet references. 
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PITLs: : The electromagnetic properties of a relativistic plasma. Iit 
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PERIODICAL: ghurnal oxsperinental | noy i teoretioneskoy fizikl, VY Als 

moe MATa tee 159-170 on 


TBAT + mnis paper gives & detailed theoretical study of the reflection 

and absorption of erectromagnetic pudiation incident obliquely on the plane 
poundary gurfece of an electron plesma. The case fo) : : 
ineidence has een exnaustively eeestigated elreaey* A semi-infinite (fe 2 
jgotropic plasma (without constant. field) with arbitrary (in the specia { 
case: relativistic) distribution of particles ts consicered: wot only : 


Losses related to then. Qo study the electromagnetic properties of the 
electron plasma (the ions form & nomogeneous packeround ) the usual 
yinetic equation with sel f-consis ent field i8 used: . 
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where ¥ a v iu (tev yoine/e)> “0 is an arbitrary equilibrium eneréy “@ie- . am 
tribution function, ana @ the angle of incidence: The jongituainel and 
transverse dielectric constants are given by: 
ne (kv)* fo oe 
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AUTHOR: Silin, V. P- 
TITLE: High-frequency dielectric constant of 4 plasma K 


PERIODICAL: Zhurnal eksperimental 'noy 4 teoreticheskoy fiziki, V- 4i, 
noe 3(9)» 19615 961-670 


TEXT: The author derives an exoression for the complex dielectric 
constant of a totally ionized rarefied plasma with an accuracy to terms 
which are quadratic with respect to the number of particles per unit 
yolume. This expression ig valid for frequencies which considerably 
exceed the Langmuir electron frequency: fhe author has gtudied an 
isotropic plasma and also 3 plasma located in 4 magnetic field. The 
calculations are based on the kinetic equation for stable, rapidly varying 
processes. The equation for a plasma located in & spatially hgmogeneous 
alternating electric field E and jin a constant magnetic field B is 

written as 
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Dial?) =e ,¢,/t: Eq. (1) cannot be applied at small collision parameters: 


Therefore, integrations with respect to the collision paraneters are cut XK 
off at nin’ Eq. (1) aleo does not take {nto account the shielding of the 


Coulomb interaction at large distances. Without magnetic field the 
dietribution of an isotropic plasms ja assumed to be ne viaara nomogeneous. 
For emall deviations from the Maxwell distribution t(0 the following 


equation ie obtained when Linearizing the kinetic equation: 
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TITLE: Theory of electromagnetic fluctuations in plasma 
PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, V- Ai, 


no. 3(9)1 19615 969-976 


TEAT: Electromagnetic fluctuations are investigated in 4 non-equilibrium 
plasma located in a strong magnetic field, and also when @ magnetic field 
4a lacking. The author mentions the theory of electromagnetic fluctuations 
by L. D- Landau and Ye. i. Lifshits (Blektrodinamika sploshnykh sred 
(Electrodynamics of continuous media)» Gostekhizdat, 1957)+ He considers 
the plasma as & system of weakly interacting particles, and directly 
calculates an expression for the fluctuation. This calculation is based 

gn components of the Fourier operator for the electric field 


E(w sk) on the quantum-mechanical mean of the operator: be 
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is valid instead of (9). For an equilibriua digtribution of particles, 
the expressions (12), (8), and (9) are changsng over into corresponding 
formulas of the thermal fluctuation theory. When a plasma is located ina 
strong constant magnetic field o? the fluctuations of the electric field 


can be represented by 


ETE (w, k) Edo’ K+ Eco’, 
x Agi (a’, k’) Az (ok) Lar (0, k; w’, k’). 


(13). 


The right side of this equation shows the correlation function of the 
transition current. 
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The present paper is limited to the non-relativistic approach. An expres- 
sion for the matrix element of the Fourier ccomvonent for the transition 
current is derived, and the correlation functicn of the transition current 
is determined. The expressions for the fluctuation are less simple than 
for the classical limit. For the fluctuation of the randcem currents the 
following equations are obtained: 
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the projection ae of the center of the Larmor orbit on the y-axis. 


Equations (25), 


m,, = 08 (1(Q,/8,0,) J, (2,0, /Q,)1%, 
Tot (2,0, /Q,)), ,, = U7 (&,v,/2,), 


=, = v, 0,LJ} (2,0, /Q,) (Q,/8, v,) sign k,, 


x2 


1, =— 1, = iv, oJ, (k, 9, /2,) J (A, v, /2,)sign (e,2,)+ 


and (13) can be used to determine the classical fluctuations of an 
electromagnetic field for a plasma located in a strong magnetic field. 
K. N. Stepanov and A. B. Kitsenko (ZhETF, 41, 10, 1961) have calculated 
the tensor expressions for the dielectric constant in plasma. The 
fluctuations of a Coulomb field are described by 
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All expressions in this Paper are also valid if the plasma: distribution 
function is a function of time and coordinates. The author thanks 

M. A. Leontovich for suggestions. A. A. Rukhadze and L. V. Keldysh are 
mentioned. ‘There are 8 references: 6 Soviet and 2 non-Soviet. The 
reference to the English-language publication reads ag follows: N. 
Rostcker. Phys. of fluidg, 3, 922, 1960. 
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PERIODICAL: Uspekhi fizicheskikh nauk, v. Th, nO. 2, 1961, 223-257 


TEi7T: The present paper gives & systematic representation of the electro- 
dynamics of media with spatial cispersion. The equations of the electro- 
magnetic field in a mediun are usually sritten down in the form 


div D = 42@), roL.E= so . 
(1,3) 


10D , 42. 2 
rot = ap to doe div B = 0. 


j=o crotM, (1,4) » 4 
H= B—4aM, (1,5) 
D=E+4aP. (1,6) 
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The vector st denotes the magnetization, and P is the polerization vector of 
t 


the medium. ‘ith the quantity D'(r,t) = E(r,t) + 4x dt'j(r,t') (1-7), the 


-© 


field equatiens can be renresented in the forn tos ~ 
iw)’ = 1 ols 
div D’ = 4x95, re. Ea — =F 
1 oD (II) 


rot he See, div B=0. 


The authors restrict bigots to eee electrodynamics. Then, the 
material equations 3, B, 8 are also linear, and can only be 


oF ee Bj 

used for slowly eee fields, “ith high-frecu ney fielés, naterial 

equations of the type D,(t) 2 atte, (t-te (5, (t) = dttys ,(t-t!)#,(t") (1.8) 
-00 -0 
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must be used, which consider the influence of the previous history on the 

electromagnetic properties of the mediun. Spatially nonlocal relations 

consider spatial dispersion besides the dispersion in time; for & hono- 
geneous, {sotropic and nongyrotropic mediun, they may be written covn in 
the form 


¢ 
pie, n= Gaur f dears ord E( OD x 


(1,9) 


t 
Br, )= N dv \ dr'p(t _t', r—ry (nr, &)- 


The material equation considering voth kinds of dispersion and integrating 
t 
Eq. (IT) has the form Di(#,t) = | att arti, j(t-t's ?, z')B,(z',¢) (III) 
-60 ‘ 


in linear electrodynamics. Summing up: The field equations II integrated 
by the material equations III (and the material equations for the surfece 
eee unique determination of the electromagnetic field in any part of 
Card 3/8 


EHNA ie HONE a SRS LOT am ee 
a 


APPROVE : 
D FOR RELEASE: 08/23/2000 CIA-RDP86-00513R001550610011-1" 


"APPROVED FOR RELEASE: 08/23/200 CI 


aay SRE SRE ERE ve : et A-RDP86-00513R001550610011-1 


23585 


$/053 61/074/002/002/003 
Electrodynamics of media with ... 3125/3203 


the space. The tensor of the complex dielectric constant has the form 


ao 


ee aes ais 
~ y Vet (3 -ikr* = f 2 ci = 
€, (ek) - sate (ave "eq s(t) = dre ARF 6 so) (2,6) for plane 


monochromatic waves. Such a tensor, however, only applies to unlimited and A 
spatially homogeneous media for which the material equation , 


DI(#, +t) a i att abl, (tot! F-F')2, (8) ¢) (2.4) holds. 
-0 , 


ej(—w, —k)=ei,(u, k), ti (-o, —k)= — ef; (, k), 
efj(w, k)=ej(—@, —k). (2,7) 


holds for the real part 6", (0%) and the imaginary part of the complex 
tensor ty (ork). “hen fields are applied, which depend on the coordinates 
through the factor ss, (2.4) takes the form 
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pi(t) = ight tt K)E, eD) (2.8) with ° yy t-t'®) = dre ry gt-th?) 
= 


(2.9). The tensor of the dielectric constant in an isotrogic and non- 
gyrotropic medium has the form 


kjk 
es (v. k)= = (bu -“F et (a, k) tar eb (w, k). (2,44) 
Further, ett'(o, eet (—o, We (w Ke el (mm Be is 
el’ (w, k) =e!’ (—o. k), el (a, ky — el (— k). (2,12) x 
7 ikr -i't 
holds. For fields depending like e on time and coordinates; 


i, 7 05 (VK) (2.26), where the complex tensor of conductivity 


o; 36 yk) = ate “+ agen ~ik Wier +) (2.27)- Similarly to (2-11), 
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holds for an jsotropic and nongyrotropic medium. Dispersion of the tensor 
of the dielectric constant: For & Debye screening of the electrostatic 
field in an isotropic medium, it is sufficient that the static dielectric 


constant “V0,%) at k = O has a singularity of the type if’, and is 
positive. In general, two aifferent linits of the longitudinal dielectric 

1 eo" 
constant < ( yk) may exist for = 0 and kK = O- vor «/K~0 

fy 2 a 
c te + A 
y.(0,0) = lim im (os caeee (ee te Sr) (3.14) holds, end & weak 
K ‘ 2,2 : 
ko /ko ~ ck 

spatial dispersion exists for x/- O- "Frequency dispersion" concerns the 
quantity u ,k) near the point fx = 0. Similer statements are made for 


anisotropic media. The energy 


ee aa as ‘ ’ ; _— 9g tant BO: 

(a5 ( - )EE +(p' -p) HB art 2 “4u" HO: (4.14) is released due 
to the effect of an electromagnetic field in 4 medium. In @ quasimono~ 
chromatic field, the formula 
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dw eof an em Oo lr'. 0) 9 Res 3 
CF ep =I ( drar {£5 (r, 9) i Faloeu(w, rer y+ 


AEG (r, A 


By galoek (oe. } +7, | de 5 (BEB) +2, (4,16) 


is obtained for the rate of the systematic change of the electromagnetic ~ 
energy. Here, 2 denotes the amount of heat released per unit time. JU may 

be regarded as the mean energy of the electromagnetic field of the mediun. 

For the electromaenetic waves in a medium, the authors obtain a system of 
linear algebraic enusntions 


key (w, k) E; (k, w) = —kD™ (k, w), (5,4’) 
(w*e,, (w, k) — c7k*04; -+- eth, ky) Ey (k, @) = — w*Di” (k, @) + 
+ twDj (k, t= 0) + ic[k, B(k, t=0)}. (5,5’) 


for determining Z(%, ). Feom these more cencral deliberations, the 
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authors also derive formulas for plane monochromatic vaves in a medium, for 
the propagation of electromagnetic waves through media with weak svatial 4 
dispersion, for the energy losses of fast electrons in a medium, and for 

the fluctuations of an electromagnetic field. The theory of losses of fast, 
charged particles was developed by Tamm, Frank, and Fermi. A consideration 
of weak spatial dispersion in isotropic media near absorption bands leads to 
a quulitatively new phenomenon, namely, the appearance of new transverse 
weves. There are 3 figures and 44 references: 36 Soviet-bloc end 8 non- 
Soviet-bloc. The most important references to English-language publications 
read as follows: D. Pines, Revs. wiod. Phys. 28, 184 (1936), R. dH. Ritchie, 
Phys. Rev. 105, 674 (1957). 
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DekT: The collision integral for charged particles in a strong magnetic 
field % is derived. Ghe particles are assumed to undergo Coulomb 
interaction. polarization of the medium and quantum effects are taken 
into account. For non-uniform particle distribution in the y direction, 
the collision integral for two sorts of particles, @ and B, has the 
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